To examine the accuracy of fetal echocardiography in diagnosing congenital heart disease (CHD) at the fetal medicine units of three tertiary care centers.
Results
We included 708 cases with CHD for which both prenatal and postnatal data were available. The prenatal diagnosis was correct in 82.1% of cases and discrepancies were present in 9.9%; however, these did not result in a different outcome. In 8.1% there was no similarity between prenatal and postnatal diagnoses. Disagreement between preand postnatal diagnoses occurred significantly more frequently in cases that presented with a normal four-chamber view than in those with an abnormal four-chamber view (5.5% vs 1.9%). Incorrect identification of the outflow tracts and incorrect differentiation between unbalanced atrioventricular septal defect and hypoplastic left heart syndrome were relatively commonly encountered. Inmany cases with disagreement, trisomy 21, extracardiac anomaly or a high maternal body mass index was present.
Conclusions
The prenatal diagnosis and estimated prognosis of fetal echocardiography in our tertiary referral centers were appropriate in 92% of cases. Some types of CHD remain difficult to diagnose or rule-out prenatally, therefore awareness and education are of considerable importance.
INTRODUCTION
An accurate prenatal diagnosis of congenital heart defects (CHD) is critical in determining the requirement for immediate postnatal treatment, predicting the course of (surgical) treatment and assessing the prognosis of the defect, including long-term outcome. 1, 2 This information is also necessary for determining the location and timing of delivery. A correct diagnosis is essential to enable parents to make an informed decision if they are considering termination of pregnancy (TOP). However, available data on the diagnostic accuracy of fetal echocardiography are limited and mostly based on small cohorts. [3] [4] [5] [6] [7] [8] The standard anomaly scan for prenatal screening of congenital defects in The Netherlands is performed in primary and secondary healthcare centers. The anomaly scan is carried out between 18 and 22 weeks' gestation by well-trained sonographers and obstetricians. This national second-trimester screening program started in 2007 and, since its introduction, the detection rate for CHD has increased from 35.8% in 2007 to 59.7% in 2012. 9 Since 2007, the average number of false-negative second-trimester screening scans, of 72 000 infants born per year in this region, has been 81. If CHD is suspected, fetal echocardiography is performed in a department of prenatal diagnosis in a tertiary center. Women with an increased risk of having offspring with a congenital heart anomaly are screened directly in a tertiary center. This study aimed to explore the diagnostic accuracy of a prenatal diagnosis of cardiac defects at the fetal medicine units of three tertiary care centers in The Netherlands that closely collaborate in the care of children with CHD. The secondary aim was to assess the influence of the type of cardiac anomaly on the accuracy of the diagnosis and to analyze cases with diagnostic errors.
METHODS
This study was performed in the Academic Medical Center, Amsterdam, VU University Medical Center, Amsterdam and Leiden University Medical Center, Leiden. These three tertiary referral centers collaborate in the care of children with CHD in the north-west region of The Netherlands. Patients with a suspected cardiac anomaly within this geographical area are referred for targeted fetal echocardiography to one of the centers. Here, cases are examined by a fetal medicine specialist. Once a cardiac anomaly is confirmed, the patient is scheduled for a cardiac examination with a pediatric cardiologist. All women are routinely offered karyotyping (more recently quantitative fluorescence polymerase chain reaction with array) if CHD is diagnosed. Over a period of 10 years (2002-2011) , all cases diagnosed with CHD by fetal echocardiography in one of the three centers were reviewed to determine the accuracy of the prenatal diagnosis. All prenatal medical records were cross-matched with the postnatal files. 9 The final prenatal cardiac diagnosis was compared with the postnatal anatomy as diagnosed by echocardiography, combined with the findings during catheter intervention or surgery. In cases of neonatal death or TOP (the legal limit for which in The Netherlands is 24 completed weeks' gestation for non-lethal anomalies), the prenatal diagnosis was compared with the results of a postmortem examination performed by an expert pathologist. When a postnatal diagnosis was not available (e.g. in cases of TOP or intrauterine fetal demise for which the parents declined a postmortem examination) the case was excluded. Cases of trisomy 13 or 18 were also excluded from the analysis, as the aneuploidy itself would have a much greater impact on the outcome than the associated CHD. To locate false-negative cases, we checked whether the mothers of all infants with a postnatal diagnosis of CHD had undergone fetal echocardiography in one of the tertiary centers. 9 All cases were allocated to one of three categories according to the level of agreement between the prenatal and postnatal diagnoses (correct; discrepant; no similarity). The categories were defined as follows:
(1) Correct: postnatal anatomy and diagnosis were in agreement with the prenatal findings and led to a comparable intervention and outcome, as expected prenatally. The detection of small septal defects that were not confirmed postnatally, or the failure to detect ones that were present, along with minor discrepancies in the size of defects found both pre-and postnatally were accepted in this category.
(2) Discrepant: prenatal diagnosis differed from the postnatal diagnosis. If a different surgical intervention was performed from that which was initially predicted, but the severity of the defect and long-term prognosis were the same as expected prenatally, the case was included. Thus cases in which a biventricular repair was predicted but univentricular palliation was needed were not accepted in this category. Examples accepted in this category were cases with a prenatal diagnosis of atrioventricular septal defect (AVSD) with overriding aorta and a postnatal diagnosis of tetralogy of Fallot. Other examples were cases with a prenatal diagnosis of hypoplastic left heart syndrome (HLHS) and a postnatal diagnosis of borderline HLHS (severe coarctation of the aorta, hypoplastic aortic arch and mitral valve stenosis that required univentricular palliation).
(3) No similarity: prenatal and postnatal diagnosis and prognosis were completely different and/or led to a completely different surgical intervention from that which was predicted. The process of categorizing agreement was as follows: The first author (C.L.v.V.) went through all cases and when there was full agreement in prenatal and postnatal diagnoses, they were allocated to the category 'correct' . All other cases that were not in full agreement were discussed in a committee. All three centers were represented on this committee to ensure an open and critical discussion (C.L.v.V, M.C.H., M.E.B.R. and S.A.C.). Cases that had a significant suspicion of CHD prenatally but had normal anatomy after birth were also included in this category. The data were analyzed with the aim of detecting factors that could influence the diagnostic accuracy of echocardiography.We compared the accuracy of echocardiography in diagnosing cardiac anomalies detectable by examination in the four-chamber view only with the accuracy of diagnosing anomalies that required additional examination of the outflow tracts and presented with a more-or-less normal four-chamber view. 3 We also compared the diagnostic accuracy in cases that presented with prenatally detected extracardiac anomalies (structural anomalies, severe intrauterine growth restriction, fetal hydrops, prenatally detected aneuploidy other than trisomy 13 or 18 or genetic syndromes) with cases that presented prenatally as isolated CHD.
Statistical analysis
Absolute numbers and percentages of accurate diagnoses were calculated. The chisquare test was used to assess for associations between categorical variables, and P < 0.05 was considered as statistically significant; all tests were two-sided. Data analysis was done using SPSS software (version 20; SPSS Inc., Chicago, IL, USA).
RESULTS

Accuracy cohort
In the study period, 1119 fetuses were diagnosed with CHD by prenatal echocardiography. Complete follow-up data were available for all cases. In 348 cases in which fetal demise occurred (n = 73) or TOP (n = 275) was performed, the parents declined postmortem examination. These cases were excluded because comparison between prenatal and postnatal diagnoses could not be carried out. In those with TOP and no postmortem, there were 94 cases of trisomy 13 or 18. Of the remaining 181 cases, 55 (30.4%) had a univentricular heart defect and 119 (65.7%) had another type of CHD combined with an abnormal karyotype, 22q11 deletion or at least one severe extracardiac anomaly. Another 63 cases were excluded because of trisomy 13 or 18, the majority of which did not undergo postmortem examination. Thus a total of 411 cases were excluded, leaving 708 cases in which a prenatal and postnatal diagnosis of CHD was available for inclusion in the analysis. Five hundred and forty-one pregnancies resulted in a live birth, intrauterine fetal demise occurred in 18 and there were 149 cases for which the parents chose TOP and a postmortem examination was performed. In 77.1% of terminated pregnancies, additional anomalies were present, including chromosomal anomalies (e.g. 22q11 deletion or trisomy 21). The mean gestational age at the time of diagnosis was 23+1weeks ± 36 days. A small proportion of these cases (n = 147) have been described previously but were analyzed in a different manner. 7 The prenatal diagnosis was correct in 581/708 (82.1%) cases. In 9.9% (70/708) of cases, a discrepancy between the prenatal and postnatal diagnoses was found. In 8.1% (57/708) of cases, there was no similarity between the prenatal and postnatal diagnoses. In 281 (39.7%) cases, additional congenital anomalies were detected prenatally. There were 13 false-negative cases for which prenatal echocardiography was normal but a postnatal diagnosis of CHD was made among the three tertiary centers during the study period (Table 1) .
Accuracy according to type of cardiac defect
The size of the cohort enabled us to study the diagnostic accuracy of echocardiography according to the type of CHD diagnosed, as shown in Table 2 . Categorization of the CHD was determined by the definitive postnatal diagnosis. The types of CHD that most frequently showed discrepancies or no similarity between the prenatal and postnatal diagnoses were valvular and aortic arch anomalies, abnormal venous return and complex defects with isomerism. Those cases with prenatally suspected heart defects but with normal anatomy after birth are also shown in Table 2 . Of the 58 cases with prenatal left/right disproportion, 40 (69.0%) had an aortic arch anomaly after birth and 18 (31.0%) had a normal heart after birth. and straddling tricuspid valve, criss-cross, DORV with mitral valve and LV hypoplasia, congenitally corrected TGA with RV hypoplasia, isolated AV discordance with hypoplastic RV and VSD 9. Left or right atrial isomerism, heterotaxy syndromes 10. Myocardial anomalies, rhabdomyoma, non-specific complex heart defect, polyvalvular disease, left/right disproportion, right atrial aneurysm, aneurysm interventricular septum, aortic root dilatation (Marfan), isolated cardiac malposition 
Accuracy in four-chamber-view anomalies vs outflow-tract anomalies
A significant difference (P = 0.019) was found when comparing the degree of accuracy in diagnosing defects visible in the four-chamber view with the accuracy in diagnosing defects that were not visible in the four-chamber view (more-or-less normal fourchamber view) but required additional examination of the outflow tracts ( Table 3) . The cardiac anomalies visible in each view are classified in Table 4 . Some types of CHD, such as coarctation of the aorta, are known to show variation in their presentation, and can show an abnormal four-chamber view, as well as an abnormal outflow-tract view, and therefore these cases were not included in this subset. Fetuses with hearts that were found to be normal after birth were also excluded from this subset.
Discrepancies
In cases that showed discrepancy (n = 70), certain groups or patterns could be recognized into which most of the cases could be categorized (Table 5 ). In 10/49 (20.4%) CHD cases diagnosed with trisomy 21, a discrepancy between the prenatal and postnatal diagnoses was present. Other circumstances in which discrepancies frequently occurred were the presence of other major anomalies or cases with left/right disproportion.
Cases with no similarity
The 57 cases with no similarity between the prenatal and postnatal diagnoses are summarized in Table 6 . Factors that could have a negative impact on the quality of the ultrasound examination were present in 70.2% of the cases. We evaluated whether at least the ductal dependency of the cardiac defect was prenatally detected. In five cases, ductal dependency was not recognized before birth and, as a consequence, the infant was not treated appropriately with prostaglandin E immediately after birth.
DISCUSSION
This large multicenter cohort study confirms that, in experienced hands, the accuracy of fetal echocardiography is high (82.1% with full agreement between pre-and postnatal diagnosis). If discrepancies that did not lead to a different treatment or prognosis are accepted, the prenatal diagnosis was accurate in 92.0% of cases. These findings are in accordance with those of previous reports in smaller, single-center cohorts. [4] [5] [6] [7] [8] [10] [11] [12] A correct prenatal diagnosis is of great importance, as it determines or influences decisions on postnatal management, delivery location and continuation of the pregnancy. The prenatal diagnosis was not correct in 8.1% of cases, leading to inappropriate treatment immediately after birth in some cases or a different prognosis from that which was expected prenatally. More than one-third of these incorrect diagnoses were left/right disproportion with a normal anatomy after birth. It is known that left/right disproportion can predict coarctation of the aorta, but with low sensitivity and specificity. The size of the cohort allowed a detailed analysis of different types of CHD. For example, outflow tract anomalies like double outlet right ventricle were labeled as 'discrepancy found' if the spatial orientation of the outflow tract was not predicted correctly. These cases would be grouped together in the 'conotruncal' category in studies that use a broader categorization and, as a consequence, discrepancies would not be detected. Difficulties in identification of the outflow tracts were revealed in this study. This may be explained partly by the more complex multiplanar evaluation of this anatomic area, especially if one outflow tract is small or atretic. This detailed analysis acknowledges the complexity of CHD and fetal echocardiography in general. A simple 'right' or 'wrong' or a broad categorization does not do justice to the diversity in the anatomy of CHD. Similar to left-right identification of the outflow tracts, identification of the dominant ventricle in univentricular hearts was a challenge, as reported earlier. 14 As the long-term prognosis of univentricular palliative surgery is different for a morphologically right or left ventricle 15 , correct identification is important, but could not be achieved in all cases. Several patterns could be recognized in cases with discrepancies (including those with no similarity). If trisomy 21 was diagnosed before birth, a balanced AVSD was frequently diagnosed, however other or accompanying heart defects were also found postnatally. This discrepancy is probably caused by anticipation of an expected diagnosis if trisomy 21 had been detected at the time of the scan. 16 This finding highlights the need to look beyond the obvious, to ensure a complete diagnosis. Differentiation between unbalanced AVSD and a hypoplastic left ventricle (HLV) was a second difficulty. In these cases, the ventricular component of the AVSD was very large, giving the appearance of a univentricular heart. It is possible that errors could be prevented if the position of the crux in the four-chamber view was given more attention. On the other hand, cases like this will remain difficult to diagnose correctly as an unbalanced AVSD with a small LV, and HLV with mitral atresia may produce similar images on ultrasound, even postnatally. In another case a defect presumed to be an unbalanced AVSD was, in fact, a persistent left superior vena cava with a dilated coronary sinus. The false-negative fetal echocardiograms were in accordance with the types of CHD that are known to be missed in the screening setting. Furthermore, some of the undetected defects can develop in the second half of pregnancy. Unfortunately, five cases had ductal-dependent CHD (Table 1 ).
In cases with no similarity between the prenatal and postnatal diagnoses, 70.2% had factors present that had a negative impact on image quality. This is in line with previous findings. 3, 7 In 37.8% of cases with discrepancies (including those with no similarity), severe extracardiac anomalies were present that dominated the overall prognosis for the fetus. It is probable that a less complete echocardiographic examination was performed in these cases (e.g. in a fetus with holoprosencephaly). We believe that this is justifiable, especially if parents request TOP; to perform an additional echocardiographic examination in these circumstances is frequently too emotional and will not influence their decision. It is, however, very important to obtain a karyotype including array comparative genomic hybridization 17 , a postmortem examination and a consultation with a clinical geneticist, to rule out inheritable syndromes. Although fetal echocardiography is very accurate in abnormal cases, it may cause unnecessary anxiety. We encountered 21 cases in which the fetus was diagnosed with left/right disproportion but after birth the heart was normal. This particular feature can be the first sign of a life-threatening diagnosis and should always prompt alertness. The difficulty in predicting aortic arch anomalies has been widely acknowledged.
13 Some cases will develop an obstructive lesion when the duct closes, others will not. 18 Often the final diagnosis can only be made after birth. Research to improve the prediction of coarctation of the aorta is ongoing 19 , but limited progress is being made. Until better methods to exclude coarctation are devised, the limited diagnostic accuracy has to be accepted, even if it causes anxiety to parents. Prenatal counseling, especially in these cases, should be appropriate for the context. A limitation of this study is the number of cases in which no comparison could be made between the prenatal and postnatal diagnoses owing to the lack of a postmortem examination. In our opinion, postmortem confirmation of a heart anomaly is very important, for both the parents and the diagnostic team. It can reveal additional cardiac anomalies, extracardiac malformations or external dysmorphic features of a fetus that are not visible on ultrasound. These findings may guide the diagnostic genetic work-up and may alter the estimated risk of recurrence. Therefore, even with the reassurance that in 92% of cases no major mistakes are made regarding the diagnosis and treatment plan, we should make every effort to inform parents of the benefits of a postmortem examination.
In conclusion, prenatal diagnosis of CHD is highly accurate in experienced hands. Some types of CHD remain difficult to diagnose or rule out in a fetus. The pitfalls associated with some types of CHD have to be taken into account when making a definitive diagnosis and prognosis. Information on the accuracy and limitations of fetal echocardiography can be used in prenatal counseling.
